emission spectra of a young planetary nebula (the ionized, ejected envelope of an old star) taken with NASA's Spitzer Space Telescope, researchers for the first time identified 12 specific molecular-vibration bands that were assigned to compounds of the fullerenes C 60 and C 70 . Vibrational spectroscopy cannot perfectly distinguish between molecules of similar chemical bonds or between molecular excitation states, but it can provide a global inventory of molecular groups from the pool of organic materials in space. Electronic spectroscopy, such as that used by Campbell and colleagues, can pinpoint the fingerprints of individual molecules. Additional observations of circumstellar nebulae have shown that, under the right conditions, fullerenes can and do form efficiently in space 4 . Other carbon-bearing molecules known as polycyclic aromatic hydrocarbons (PAHs) -fused benzene rings -have also been proposed 13,14 as carriers of vibrational bands that are observed in the mid-infrared domain. These are estimated to be the most abundant complex organic molecules in space, comprising more than about 15% of cosmic carbon, and have also been proposed as potential DIB carriers. However, in contrast to C 60 + , PAHs can undergo partial loss of hydrogen atoms (dehydrogenation), and would therefore exist in a large number of molecular isomers, diluting their spectral signatures 15 . This might explain why, despite several dedicated efforts 16 , no specific PAH electronic feature has been clearly associated with DIBs. Some metal-PAH complexes may eventually be shown to have special molecular configurations that have few isomers and strong oscillator strengths -these would have undiluted spectral features, which would permit their electronic spectroscopic identification and matching to astrophysical DIBs Observatory have also shown 18 that C 60 can form in the tenuous and cold environment of an interstellar cloud illuminated by strong ultraviolet starlight -possibly as the product of the conversion of PAHs to graphene, and then to fullerenes.
emission spectra of a young planetary nebula (the ionized, ejected envelope of an old star) taken with NASA's Spitzer Space Telescope, researchers for the first time identified 12 specific molecular-vibration bands that were assigned to compounds of the fullerenes C 60 and C 70 . Vibrational spectroscopy cannot perfectly distinguish between molecules of similar chemical bonds or between molecular excitation states, but it can provide a global inventory of molecular groups from the pool of organic materials in space. Electronic spectroscopy, such as that used by Campbell and colleagues, can pinpoint the fingerprints of individual molecules. Additional observations of circumstellar nebulae have shown that, under the right conditions, fullerenes can and do form efficiently in space 4 . Other carbon-bearing molecules known as polycyclic aromatic hydrocarbons (PAHs) -fused benzene rings -have also been proposed 13, 14 as carriers of vibrational bands that are observed in the mid-infrared domain. These are estimated to be the most abundant complex organic molecules in space, comprising more than about 15% of cosmic carbon, and have also been proposed as potential DIB carriers. However, in contrast to C 60 + , PAHs can undergo partial loss of hydrogen atoms (dehydrogenation), and would therefore exist in a large number of molecular isomers, diluting their spectral signatures 15 . This might explain why, despite several dedicated efforts 16 , no specific PAH electronic feature has been clearly associated with DIBs. Some metal-PAH complexes may eventually be shown to have special molecular configurations that have few isomers and strong oscillator strengths -these would have undiluted spectral features, which would permit their electronic spectroscopic identification and matching to astrophysical DIBs 18 that C 60 can form in the tenuous and cold environment of an interstellar cloud illuminated by strong ultraviolet starlight -possibly as the product of the conversion of PAHs to graphene, and then to fullerenes.
As Campbell and colleagues' findings show, the identification of space molecules can be achieved only by measuring laboratory spectra under astrophysically relevant conditions, and the spectra must unambiguously match the astronomical data. This task requires theoretical modelling to determine other plausible fullerene-and PAH-candidate DIB carriers and a systematic programme of laboratory spectroscopy of these in frozen neon matrices (for screening) and in the gas phase (for identification).
Astronomical surveys of DIB strengths and profiles in different interstellar and circumstellar environments are needed to elucidate the formation and fate of carriers. All these research disciplines must be combined to provide further insights into the photochemistry, thermal conditions and integration in protoplanetary-disk material that affect the inventory and evolution of organic molecules from molecular clouds to star-and planet-forming regions. ■ 
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SYSTEMS BIOLOGY
Network evolution hinges on history
The effects of mutations in proteins can depend on the occurrence of previous mutations. It emerges that such historical contingency is also important during the evolution of gene regulatory networks. See Letter p.361
A nyone who has dealt with bureaucracy knows that the order in which events occur can be vital to achieving a given task. This is also true for evolution, in which certain mutations are sometimes beneficial, or even viable, only if other mutations have occurred first 1 -a phenomenon known as historical contingency. In this issue, Sorrells et al. 2 (page 361) show how historical contingency constrained the evolution of an entire gene regulatory network.
Historical contingency has long been thought 3 to have a role in evolution, but only since the advent of large-scale DNA sequencing have we been able to peer back in time and replay the evolutionary tape to establish how the process works in biological systems. A wealth of DNA-sequence information means that we can now infer the sequences of extinct genes, allowing us to resurrect the proteins that they encoded 4 . Studying the role of these ancestral proteins in living cells has revealed that only certain paths can be taken during the evolution of protein functions 5 . But the part played by historical contingency in the evolution of gene regulatory networks has not been well studied.
Budding yeasts, a group of fungi that includes the model organism Saccharomyces cerevisiae (brewer's yeast), have two mating types, 'a' and 'α' . When exposed to mating pheromone, both mating types switch on genes necessary for mating, and a cells also switch on genes specifically required for mating with α cells, referred to as a-specific genes (asgs). The identity of these asgs has changed little over hundreds of millions of years of evolution 2, 6, 7 , but the way in which their expression is controlled has altered considerably.
Sorrells et al. reconstructed the evolution of asg regulation in S. cerevisiae. They showed that a regulatory protein, Ste12, initially activated asgs indirectly by binding to a DNAbinding protein called a2, and then evolved to bind directly to DNA. By constructing plausible evolutionary intermediates, the authors provide evidence that this change in Ste12 function was made possible by another change, in the way the two mating types are defined.
Previous work from this group 6, 7 found that, in ancestral species, a cells were defined by the presence of a2. But in S. cerevisiae, a cells are interactions between genes and proteins further constrain or facilitate the evolution of molecules and networks 10 . Finally, this study exemplifies the power of using yeast as a system to understand evolution through the reconstruction and experimental characterization of ancestral genes and their interactions. The authors propose that the loss of a2, which became possible because of the presence of α2, must have been the final step, making indirect regulation of asgs by Ste12 impossible. As such, although there are six orders in which these three evolutionary events could theoretically have occurred, only one is actually possible: gain of α2, then direct regulation of asgs by Ste12, followed by loss of a2 (Fig. 1) .
Sorrells and colleagues' work illustrates that it can be naive to try to understand the evolution of individual genes without considering the evolution of the regulatory networks in which they act. Similarly, it can be a folly to study the evolution of isolated networks and functions without the broader context. In this case, a change in the way cells define their mating type was required for a change in how they switch on genes when exposed to mating pheromone. Even in single-celled organisms, genes and networks are typically reused to achieve many different purposes. The mechanism by which one process is achieved can therefore affect how another can evolve. In multicellular organisms, the situation is likely to be even more complex, as genes and networks are reused in different cell types and organs.
It is worth noting that Sorrells et al. treated the two regulatory networks they studied as simple linear hierarchies of interactions. But much biological regulation, including that of the mating-pheromone response in yeast, involves feedback and complex nonlinear dynamics 8, 9 . In future studies, it will be necessary to investigate how these nonlinear 
SYMBIOSIS
Receptive to infection
EPR3, a plant protein, is found to act as a probable receptor for exopolysaccharide molecules that surround the plant's symbiotic bacteria. The advance sheds light on how recognition is governed in symbiotic relationships. See Article p.308
T he protective layers of polysaccharide molecules that bacteria build around themselves have varied roles, from buffering against environmental insults to disguising the cells from their hosts. These exopolysaccharides (EPS) are also thought to be involved in establishing symbiotic relationships, such as those between legume host plants and bacteria of the genus Rhizobium and related groups. On page 308 of this issue, Kawaharada et al. 1 move the decades-old quest to define this role for EPS a step forward, identifying a plant receptor protein that interacts with rhizobial EPS in a structurally specific manner.
In rhizobium-legume symbioses, bacteria induce plant roots to form specialized organs called nodules. The rhizobia infect the nodule tissue and differentiate to form bacteroids, which convert nitrogen into ammonia that the plant can use to synthesize protein.
The bacteria in turn benefit from plantderived sugars. These relationships are often specific: particular strains or species of rhizobium typically form nitrogen-fixing root nodules on only a few species of legume 2 . Such specificity is particularly interesting because of its evolutionary and ecological implications and its mechanistic intricacy -how do plants allow infection by a symbiotic friend but not a pathogenic foe?
According to a theory put forward in the 1970s, EPS mediate specificity by recognizing seed lectins (carbo hydrate-binding proteins) of the corresponding host plant. However, this proposed role for lectins was not supported by
